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SHARED BODY AND DIFFUSION CONTACT
STRUCTURE AND METHOD FOR
FABRICATING SAME

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates, in general, to the design and
production of semiconductor microchips. More particularly,
this invention relates to methods for electrically connecting
the various components of a semiconductor microchip.

2. Background Art

The advent of the microchip has revolutionized life 1n the
latter half of the 20th century. Microchips are a ubiquitous
part of life, being found 1n everything from computers to
cgarage door openers. Over the years, the microelectronics
industry has diligently sought to turther reduce the size of
the microelectronics built on silicon chips.

One of the major factors in determining the degree of
miniaturization possible on a chip 1s the amount and type of
connections required between the electrical devices con-
tained on the chip. For example, contact needs to be made
between devices such as transistors, and wiring levels above
the transistors. This has typically been accomplished
through the formation of “vertical interconnects”
(commonly called studs) that are formed to connect the
underlying device with the overlying wiring. For example,
using a “damascene” process “troughs” and “vias” are
etched 1n the silicon dioxide between circuit devices. The
entire surface of the chip 1s then covered with copper or
aluminum. Next, the copper 1s planarized, removing 1t {from
the chip’s surface and leaving copper only in the troughs and
vias. The remaining copper in the troughs forms the “wires”
that provide intralevel connection while the copper in the
vias forms the vertical interconnect studs that provide inter-
level connection.

In recent years, a new type of semiconductor processing,
has become important. This process, called silicon-on-
insulator, or SOI, uses a buried 1nsulator layer formed 1n the
waler. Devices such as transistors are then formed in the
silicon layer above insulator. SOI watfer structures provide
many advantages, particularly for high performance, low-
voltage devices. For example, advantages of SOI include
improved performance at low voltages resulting from
reduced junction capacitances, and dynamic threshold volt-
ages elfects, and reduced soft-error upset rate due to
decreased silicon collection volume

On 1ssue 1n SOI processing 1s the need for selective body
contacts between the SOI layer, the layer of silicon formed
on the insulator, and the substrate layer formed beneath the
insulator layer. For example, in some applications body
contacts are needed to provide a conduction path for rapid
cequilibration of body charge. In this case, the body contact
helps avoid mstabilities that can result from transient opera-
tions. This use of body contacts are particularly important in
those application that require closely matched electrical
characteristics of adjacent devices, such as cross-coupled
pairs 1n sense amps, SRAM cells, current mirrors, etc.

Accordingly, the need exists for vertical interconnects and
body contacts that provide necessary connections 1 SOI
devices while minimizing the space and processing com-
plexity required for these contacts.

DISCLOSURE OF INVENTION

The present invention overcomes the difficulties found in
the background art by providing a body contact and diffusion
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contact formed 1n a single shared via for silicon on 1nsulator
(SOI) technologies. By forming the body contact and dif-
fusion contact 1n a single shared via, device size 1s mini-
mized and performance 1s 1mproved. Particularly, the
formed body contact connects the SOI layer with the under-
lying substrate to avoid instabilities and leakage resulting
from a floating SOI channel region. The formed diffusion
contact connects device diffusions to above wiring to facili-
tate device operation. By providing the body contact and
diffusion contact together 1in a single shared via, the pre-
ferred embodiment avoids the area penalty that would result
from separate contacts. Additionally, the preferred embodi-
ment provides a body contact that 1s self aligned with other
devices, minimizing tolerances needed while minimizing
process complexity. Additionally, the shared via body con-
tact and diffusion contact can be selectively formed border-
less to adjacent gate conductors 1n the device.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1-6 are cross-sectional views of semiconductor 1n
the process of forming shared via contacts 1n accordance
with the preferred embodiment; and

FIGS. 7-11 are cross-sectional views of semiconductor 1n
the process of forming shared via contacts 1n accordance
with a second embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present mnvention overcomes the difficulties found 1n
the background art by providing a body contact and diffusion
contact formed in a single shared via for silicon on 1nsulator
(SOI) technologies. By forming the body contact and dif-
fusion contact 1n a single shared via, device size 1s mini-
mized and performance 1s 1mproved. Particularly, the
formed body contact connects the SOI layer with the under-
lying substrate to avoid dynamic charge leakage. The
formed diffusion contact connects device diffusions to above
wiring to facilitate device operation. By providing the body
contact and diffusion contact together 1n a single shared via,
the preferred embodiment avoids the area penalty that would
result from separate contacts. Additionally, the preferred
embodiment provides a body contact that 1s self aligned with
other devices, minimizing tolerances needed while minimiz-
Ing process complexity.

Referring now to FIG. 1, an exemplary substrate 202 1s
shown that will be used to illustrate the formation of a
dynamic random access memory device (DRAM) that uses
the preferred shared via contacts. Of course, the shared via
contacts of the preferred embodiment are not limited to
DRAM devices and can thus be applied selectively to other
devices which use circuits that may encounter instabilities
and leakage due to floating body effects. Examples of such
circuits 1nclude, but are not limited to, single device cells,
pass gates, cross-coupled latches, I/O circuitry, etc. Those
skilled 1n the art will recognize that many of the steps
described below are specific to the DRAM example, and that
the preferred embodiment shared via contacts can be applied
to other devices without the use of those DRAM speciiic
steps.

In accordance with the preferred embodiment of the
present nvention, the substrate 200 1s a silicon on insulator
(SOI) substrate. As such, it includes a buried insulator layer,
labeled BOX 204. On top of BOX 204 1s formed a silicon
layer 210, which comprises the SOI layer. SOI substrates
can be formed using many known techniques. For example,
one acceptable technique for creating a silicon on 1nsulator
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substrate 1s described in U.S. Pat. No. 4,676,841, entitled
“Fabrication of dielectrically 1solated devices utilizing bur-
ied oxygen implant and subsequent heat treatment at tem-
peratures above 1300° C.”. According to the preferred
embodiment of the present mvention the “buried oxide”
method 1s used. To prepare a buried oxide substrate, O™ is
implanted 1nto a silicon substrate at elevated temperatures
(typically between 500° C. and 700° C.). The O% is
implanted at a dose and energy sufficient to locate the peak
of the implant at a desired distance beneath the surface of the
silicon substrate. Those skilled 1n the art are knowledgeable
as to how to adjust both O™ dosage and energy based upon
the requirements of a particular application. After. the O™ has
been 1implanted, the substrate 1s annecaled 1 an oxidizing
ambient at a sufficient temperature (typically greater than
1300° C.)and for a sufficient time to return the top silicon to
its crystalline form and to form a buried layer of silicon
dioxide. Of course, this 1s just one example of the many
ways that can be used to form a SOI wafer, and that other
methods and other dielectrics are equally applicable. For
example, methods such as SMARTCUT, silicon direct wafer
bonding or epitaxial silicon on sapphire, may be used.

In the preferred embodiment, the 1nsulator used to form
BOX 204 1s preferably silicon dioxide, but one skilled in the
art will realize that other insulators are available for this use,
and that the present invention i1s applicable no matter what
type of insulator, substrate, and/or methods are used to form
the SOI substrate 204. In the following example, the SOI 1s
formed on a P—substrate. However, the invention could also
be implemented on a SOI formed on a N substrate with a
P—epitaxial layer.

With an appropriate SOI wafer formed, further processing
proceeds as follows. Deep trench capacitors are formed,
including the formation of a buried plate counter electrode
by out diffusion of suitable dopant, formation of capacitor
dielectric and the deposition of N+ poly 216 which serves as
the storage electrode material. An N bandplate 208 1s then
formed to connect the various capacitor counter electrodes,
preferably leaving room for a layer between the N bandplate
and the BOX 204 layer. The next step 1s to form a buried P+
layer 206 between the N bandplate and BOX 204 layer,
preferably by implanting a suitable dopant. As will become
clear later, the buried P+ layer 206 serves as connection
means for establishing the potential of the overlying SOI
channel regions.

The next part of this step 1s to form 1solation regions. In
the preferred embodiment, the isolation regions comprises
shallow trench isolation (STI). The ST is preferably formed
over the wafer 1 all areas except where the devices are
formed, which are generally called the “active areas”. Thus,
the formation of the STT also defines the active areas on the
waler. STI 1s suitably formed by etching 1solation trenches
to the top of the buried oxade, filling the 1solation trenches
by depositing a suitable dielectric (such as CVD oxide) and
planarizing by chemical mechanical polish.

With the STI formed, well and channel tailor implants are
made where devices are to be formed. These are done to
provide the appropriate channel doping and to adjust the
threshold voltage of the FET device to be built. This step 1s
ogenerally performed at least twice, once for n-channel
devices and again for p-channel devices using appropriate
photoresist as implant blocking masks.

The next part of this step 1s to form the material for the
cgate stack on the wafer. The first layer of the gate stack 1s a
gate dielectric, such as silicon dioxide which can be grown
on the silicon. This 1s typically referred to as gate oxide. The
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next layer of the gate 1s preferably a conductor such as
polysilicon, which 1s deposited over the gate oxide. To form
conductive polysilicon, intrinsic polysilicon 1s deposited and
later, typically during source/drain implanting, doped either
n+or p+type to make 1t conductive. Additionally, the con-
ductive portion of the gate stack can include a layer of lower
resistivity material covering the polysilicon, such as WS1
CoSi1,, or a refractory metal such as tungsten. The final layer
of the gate stack 1s the gate cap material. Gate cap material
1s deposited over the gate conductor. The gate cap can
comprise any suitable material, such as silicon nitride.

The next part of this step 1s to pattern the gate stack to
define the various gates on the devices. Preferably this is
done using any of the many etching process known 1n the art
to pattern the gate stack. This results in the separate gate
stacks 1llustrated in FIG. 1, with each gate stack including a
cgate cap 222 and a gate conductor 212 and an underlying
gate oxide.

The next step 1s to create sidewall spacers on the sidewalls
of the gate stacks. These can be formed by any method, such
as a conformnal deposition of dielectric material followed
by a directional etch. In the preferred embodiment silicon
nitride 1s deposited and directional etched to form sidewall
spacers 228 on the sidewalls of each of the pattered gate
stacks.

The next step 1s to create the source and drain diffusions
of the devices. This process 1s well know 1n the art and
consists of using the gate stack and sidewall spacers as
masks while bombarding the silicon substrate with the
appropriate dopants. The substrate 1s then heated to activate
the implanted dopants. This results in the creation of source
and drain diffusion regions on either side of the gates in the
active areas, mcluding N+ diffusion 224. The remaining,
lightly doped SOI beneath the gate oxide serves as a channel
region. This step 1s typically performed at least twice, once
for n-channel devices and again for p-channel devices using
appropriately patterned photoresist as 1mplant blocking,
masks. It should be noted that in some cases, depending on
the desired source/drain profile, the source and drain ditfu-
sions can be formed before the formation of the sidewall
Spacers.

With the diffusions formed, the next step 1s to form a etch
stop liner 230. The etch stop liner 230 preferably comprises
a composite of silicon dioxide and silicon nitride, with the
silicon dioxide formed first and the silicon nitride formed on
the silicon oxide. The two composite layers in etch stop liner
230 will serves as etch stop during the opening of vias and
in later processing.

The next step 1s to deposit a layer of tetraethyl orthosili-
cate formed CVD oxide (TEOS) or other suitable wiring
insulator layer and planarize the top surface of the TEOS.
This results in TEOS 218 covering the wafer and devices.
The TEOS layer 218 provides the substrate in which the

device wiring will be formed.

The steps described above result in the formation of
devices as 1llustrated 1n FIG. 1. Again, the preferred embodi-
ment shared via contacts can be used 1n many different SOI
applications, many of which would use processing steps
different than described above. It will now be described how
shared via contacts can be formed for the devices illustrated
in FIG. 1. Again, the preferred embodiment provides a body
contact and diffusion contact formed 1n a single shared via
for SOI devices, with the body contact connecting the SOI
layer with a buried conductor layer in the underlying
substrate, and the diffusion contact connecting the diffusions
to above wiring. By providing the body contact and diffusion
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contact together 1n a single shared via, the preferred embodi-
ment avoids the area penalty that would result from separate
contacts.

Turning now to FIG. 2, the first step 1n the process of
forming the shared via contacts 1s to open a via 1in the TEOS
layer. This 1s preferably done by depositing a mask layer,
patterning the mask layer, and then using the patterned mask
to open a via 1in the TEOS layer. In the preferred
embodiment, a layer of silicon nitride 1s then deposited on
the TEOS layer. The layer of silicon nitride 1s then patterned
using any suitable process. The a via can then be opened
(using RIE) in the underlying TEOS layer, using the pat-
terned silicon nitride, the nitride gate caps, and the etch stop
liner as a hard mask.

In FIG. 2, the silicon nitride layer 220 has been deposited
and patterned. The patterned nitride layer 220, the caps 222
and nitride portion of etch stop liner 230 are used as a hard
mask while the via in TEOS 218 1s opened. In the preferred
embodiment, a subsequent etch 1s used to form the via in
TEOS 218, and 1s thus selective to the nitride 1n the layer
220, caps 222 and etch stop liner 230. Thus, the etch stops
at these layers.

Following the formation of the via in TEOS 218, a nitride
etch 1s used to remove the nitride portion of etch stop liner
230 exposed during formation of the via. The oxide portion
of the etch stop liner 230 (not shown) serves as an etch stop
during removal of the exposed etch stop liner 230. Follow-
ing the removal of the exposed etch stop liner 230, the
exposed underlying oxide layer 1s removed with an etch
selective to the nitride. This removes the exposed oxide
layer while stopping on the underlying sidewall spacers.

With the via opened through the TEOS layer and the
various etch stop layers removed, the next step 1s to etch the
exposed silicon substrate. This 1s preferably done with a
reactive ion etch (RIE), using a GC poly etch that is also
selective to nitride and oxide. This etch stops on the under-
lying insulator 1n the SOI wafer. Turning now to FIG. 3, the
waler 202 1s illustrated after the exposed silicon substrate

has been further etched, extending the via to the top of the
BOX layer 204.

With the via extended to the top of the underlying
insulator, the next step 1s to form a thin layer of silicon
dioxide 1n the via. This 1s preferably done by growing a thin
oxide layer, covering the exposed nitride and exposed sili-
con with the thin oxide layer. Preferably, the thin oxide layer
has a thickness between 2 and 5 nm, although other thick-
ness may be used where appropriate. Next, thin sidewall
spacers are formed on sidewalls of the opened via. This 1s
preferably done by conformally depositing a thin dielectric
layer such as silicon nitride and then directionally etching
the silicon nitride until 1t 1s removed from the horizontal
surfaces. Preferably, the remaining sidewall spacers have
thickness of approximately 5 nm.

The nitride sidewall spacers then used as etch stops while
the via 1s extended through the insulator layer and to the
underlying substrate. This can be done using any suitable
ctch that 1s selective to the sidewall spacers formed 1n the
via, but is preferably an anisotropic RIE oxide etch (with
fluorine containing chemistry). Turning to FIG. 4, the wafer
202 1s 1llustrated after a thin layer of oxide has been grown
in the via, and sidewall spacers 262 formed on the sidewalls
of the opened via. The sidewall spacers 262 have been used

as etch masks during an etch to extend the via through BOX
204 and to the P+ layer 206.

The next step 1s etch out the sides of the via in the BOX
insulator region. This undercuts the SOI layer, past the
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sidewall spacers to provide for a contact between area to the
SOI. In the preferred embodiment, an HF vapor 1sotropic
ctch 1s used to etch the silicon dioxide that makes up the
insulator layer. The HF vapor etch preferably undercuts the
interface of the SOI by at least several hundred angstroms.
This provides the “contact point” for the body contact part
of the preferred shared via contacts.

With the via etched laterally in the insulator region, the
next step 1s to fill the via with conductive material to form
the body part of the shared via contacts. In the preferred
embodiment, the via 1s filled with P+ doped polysilicon. This
P+ doped polysilicon will serve as the “body contact”
portion of the shared via contacts, and connect the SOI layer
with the underlying buried P+ conductor layer. The wafer 1s
then planarized to remove the polysilicon not 1n the via. The
remaining polysilicon in the via 1s then recessed such that
the top surface of the polysilicon 1s recessed to below the
bottom of the diffusions contacting the via. This recess 1s
preferably done using an appropriate directional etch, such
as a silicon RIE. It should be noted that one advantage of the
preferred embodiment process 1s the amount of tolerance
that 1s afforded this silicon RIE step. In particular, while 1t
1s generally preferable that the polysilicon be recessed such
that its top surface 1s between the bottom of the diffusions
and the top of the insulator layer, it 1s generally acceptable
if over-etch occurs such that the polysilicon 1s etched to
below the top surface of the BOX insulator. This tolerance
1s a result of the horizontal contact area created between the
polysilicon body contact and the SOI layer during lateral
ctch 1n the previous step. This tolerance provides increased
flexibility and reliability 1n the fabrication process.

Alternatively, a mask may be used to selectively block the
recess of the P+ polysilicon 1n the via. This allows the P+
polysilicon to be selectively contacted by a wiring level
from above for applying a biasing voltage to the buried P+
layer, and therefore to the bodies of the SOI MOSFETs.
Typically, such contact to the P+ polysilicon 1s made
between blocks of memory arrays.

Turning now to FIG. 5, the water 202 1s illustrated after
the BOX 204 has been laterally etched by the 1sotropic etch,
and P+ polysilicon 240 has been deposited, planarized, and
recessed to below the bottom of the diffusions 224. The P+
polysilicon 240 functions as the “body contact” portion of
the shared via contacts, and connect the SOI layer with the
underlying buried P+ layer. Again, the 1sotropic etch that
widened the via 1n the BOX 204 regions has created hori-
zontal surfaces between the P+ polysilicon and the P silicon
SOI layer 210. This provides a sure contact between the P+
polysilicon “body contact” and the P silicon SOI layer 210,
even 1f an overetch 1n the previous step lowered the exposed
top surface of the P+ polysilicon 240 below the top surface
of the BOX. It should be noted that the 1n the illustration the
amount of undercut has been exaggerated for clarity.

The next step 1s to remove the previous formed thin
nitride spacers. This 1s preferably done using a chemical
downstream etch (CDE) that is selective to the thin oxide
layer underlying the thin nitride spacers. The thin oxide is
then removed selective to the underlying nitride spacers,
preferably using an appropriate HF vapor etch. This leaves
only the original sidewall spacers formed on the sidewalls of

the gate stack, while removing the material from the side-
walls of the SOI layer.

The next step 1s to form an insulator layer on top of the
body contact. This insulator layer serves to isolate the body
contact portion of the shared via contacts from the diffusion
contact portion. In the preferred embodiment, the insulator
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layer comprises a layer of high density plasma (HDP)
TEOS. HDP TEOS 1s directional, and thus deposits prima-
rily on exposed horizontal surfaces. The small amount of
HDP TEOS deposited on the vertical surfaces 1s then
removed using an appropriate 1sotropic etch, such as an HF
vapor etch.

The amount of HDP TEOS deposited i1s preferably
selected to be sufficient to properly insulate between the
body contact and the diffusion contact, but not so great as to
interfere with the contact at the via sidewalls between the
diffusion contact and the device diffusions.

The remaining via 1s the filled with conductive material,
which forms the “diffusion contact” portion of the shared via
contacts. In the preferred embodiment, the conductive mate-
rial for the diffusion contact comprises N+ doped polysili-
con. This N+ polysilicon 1s deposited to {ill the remaining
via, and the excess 1s planarized off. N+ polysilicon can then
be connected to additional wiring structures, and thus pro-
vides a contact between the device diffusions and the above
wiring.

Turning now to FIG. 6, the wafer portion 202 1s illustrated
after the thin nitride spacers and the thin oxide layer have
been removed, the HDP TEOS layer 262 has been formed
above the body contact, the via sidewalls cleaned, and N+
polysilicon 280 deposited and planarized to form the diffu-
sion contact portion of the shared via contacts. Again, the N+
polysilicon 280 provides a contact between the diffusion 224
and the above wiring levels, while the P+ polysilicon 240

provides a contact between the SOI P silicon layer 210 and
the P+ layer 206.

Thus, the preferred embodiment provides a body contact
and diffusion contact formed in a single shared via for
silicon on insulator (SOI) technologies. By forming the body
contact and diffusion contact 1in a single shared via, device
size 1s minimized and performance 1s improved. By provid-
ing the body contact and diffusion contact together 1 a
single shared via, the preferred embodiment avoids the arca
penalty that would result from separate contacts.

Turning now to FIGS. 7-11, a second embodiment 1s
llustrated on wafer 202. Like the first embodiment, the
second embodiment 1s 1llustrated for use in DRAM memory
devices. Of course, the shared via contacts of the second
embodiment are also not limited to DRAM devices and can
thus be applied to other devices Those skilled 1n the art will
recognize that many of the steps described below are spe-
cilic to the DRAM example, and that the preferred embodi-
ment shared via contacts can be applied to other devices
without the use of those DRAM specific steps. The 1nitial
steps of this process are the same as the first embodiment.
Namely, a silicon on insulator wafer i1s provided, that
includes a buried insulator layer under an SOI layer. The
deep trench capacitors are then formed, including polysili-
con storage nodes and buried plate counter electrodes. A
buried bandplate 1s then formed to connect the various
counter electrodes. Shallow trench 1solation regions are then
formed to 1solate the various devices. The gate stack mate-
rial 1s then deposited and patterned to form a plurality of gate
stacks. Sidewall spacers are then formed on the sidewalls of
the gate stacks. Device diffusions are then implanted into the
substrate. An etch block liner of silicon dioxide and silicon
nitride 1s then deposited, covering the gate stacks and
diffusions. A layer of TEOS or other suitable dielectric is
then deposited and 1ts top surface planarized.

Like the first embodiment, the first step in forming the
shared via contacts 1s to open a via in the TEOS layer. This
1s preferably done by depositing a mask layer, patterning the
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mask layer, and then using the patterned mask to open a via
in the TEOS layer, using the patterned silicon nitride, the
nitride gate caps, and the nitride portion of the etch stop liner
as a hard mask.

With the via opened through the TEOS layer, the exposed
nitride portion of the etch stop liner 1s removed using the
oxide portion as an etch stop. Then the exposed oxide
portion 1s removed, exposing the nitride sidewall spacers the
surface of the SOI layer. The next step 1n the second
embodiment 1s to etch the exposed SOI layer. This 1is
preferably done with a reactive ion etch (RIE), using a GC
poly etch that 1s also selective to nitride and oxide. This etch
stops on the underlying insulator 1in the SOI wafer.

Turning now to FIG. 7, the water 202 1s 1llustrated after
initial formation of the devices, the deposition of TEOS 218,
the deposition and patterning of silicon nitride layer 220, and
the opening of a via in TEOS 218 using the nitride layer 220,
the caps 222 and nitride portion of the etch stop liner 228 are
used as a hard mask. The exposed nitride portion of the etch
stop liner 228 was then removed, followed by the removal
of the exposed oxide portion, exposing SOI layer 210. The
SOI 210 has then been further etched, extending the via to
the top of the BOX layer 204. Again, the processing to this
point 1s preferably the same as that in the first embodiment.

The next step 1 the second embodiment 1s to deposit an
insulator layer. In the preferred second embodiment, the
insulator layer comprises a layer of high density plasma
TEOS that deposits primarily on the horizontal surfaces. As
such, the layer 1s deposited extensively at the bottom of the
via, but only slightly on the sidewalls of the via. Thin
sidewall spacers are then formed on the sidewalls of the via.
In the preferred second embodiment, the thin sidewall
spacers comprises approximately 5 nm of silicon nitride
spacers that are formed by conventional deposition and
directional etch. These sidewall spacers protect the sides of

the SOI layer on the sidewalls of the via. Turning now to
FIG. 8, the wafer 202 1s 1llustrated after the deposition of

HDP TEOS 302 and the formation of thin nitride spacers 304
on the sidewalls of the via.

The next step 1s to perform a directional etch selective to
the sidewall spacer material. In the preferred second
embodiment, the directional etch 1s a RIE that etches
through the TEOS layer and through the BOX layer to the
underlying substrate. Turning now to FIG. 9, the wafer
portion 202 1s illustrated after a directional etch has been
used to etch through TEOS layer 302 and BOX 204. Again,
because the preferred etch 1s selective to nitride, the etch
does not effect the sidewalls of the via where they are
protected by sidewall spacers 304. Additionally, the etch
removes TEOS 302 from over nitride layer 220 and stops at
nitride layer 220 on the top surface. Additionally, the pre-
ferred etch 1s selective to silicon such that 1t stops at P+ layer

206.

The next step 1s to perform an 1sotropic etch to remove the
remaining portions of insulator layer under the sidewall
spacer. In the preferred second embodiment, an HF acid
vapor etch 1s used that removes the remaining HDP TEOS
under the thin nitride spacers. Since HDP TEOS etches
much faster than oxide, the sidewalls of the BOX layer
remain essentially undisturbed. Therefore, no significant
undercutting of the back of the SOI layer occurs.

With the remaining insulator material removed, conduc-
five material 1s deposited into the via to form the body
contact portion of the shared via contacts. In the preferred
embodiment, P+ polysilicon 1s deposited, and planarized and
recessed. This P+ doped polysilicon will serve as the “body
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contact” portion of the shared via contacts, and connect the
SOI layer with the underlying buried P+ layer.

The P+ polysilicon 1s preferably recessed such that such
that the top surface of the polysilicon 1s recessed to below
the bottom of the diffusions contacting the via. This recess
1s preferably done using an appropriate directional etch, such
as an RIE. In the preferred embodiment, the P+ polysilicon
1s recessed such that 1t does not touch depletion region from
diffusions 224, yet shallow enough to assure contact to P
silicon 210. The recess typically ranges from 100 nm to 300

nm, depending on depth of diffusion 224 and thickness of
SOI layer 210.

With the body contact material recessed, the next step 1s
to deposit a second 1nsulator layer on top of the body contact
material. This second 1nsulator layer serves as an interme-
diate msulator layer to 1solate the body contact portion of the
shared via contacts from the diffusion contact portion. In the
preferred embodiment, the second msulator layer comprises
a layer of high density plasma (HDP) TEOS. HDP TEOS is
directional, and thus deposits primiarly on exposed horizon-
tal surfaces. The small amount of HDP TEOS deposited on
the vertical surfaces 1s then removed using an appropriate
1sotropic etch, such as an HF vapor etch.

The amount of HDP TEOS deposited 1s preferably
selected to be sufficient to properly insulate between the
body contact and the diffusion contact, but not so great as to
interfere with the contact at the via sidewalls between the
diffusion contact and the device diffusions.

Turning now to FIG. 10, the wafer 202 1s illustrated after
the remaining HDP TEOS 302 has been removed from the
sidewalls of P silicon 210 by the HF acid vapor etch, the P+
polysilicon 306 has been deposited, planarized, and recessed
to below the bottom of the diffusions 224, and a second
TEOS layer 310 has been deposited. The P+ polysilicon 240
functions as the “body contact” portion of the shared via
contacts, and connect the SOI layer 210 with the underlying
P+ layer 206. The second TEOS layer 310 serves to insulate
the body contact portion of the shared via contacts from the
diffusion contact, to be formed later.

The next step 1s to remove the previously formed thin
sidewall spacers. This 1s preferably done using an 1sotropic
ctch. In the preferred second embodiment, the thin nitride
spacers are removed using a wet or CDE etch. This etch
removes the nitride to expose the sidewalls of the diffusion
region to facilitate contact to these regions.

The remaining via 1s then filled with conductive material,
which forms the “diffusion contact” portion of the shared via
contacts. In the preferred embodiment, the conductive mate-
rial for the diffusion contact comprises N+ doped polysili-
con. This N+ polysilicon 1s deposited to fill the remaining
via, and the excess 1s planarized off. N+ polysilicon can then
be connected to additional wiring structures, and thus pro-
vides a contact between the device diffusions and the above
wiring.

Turning now to FIG. 11, the wafer portion 202 1s illus-
trated after the thin nitride spacers 304 have been removed,
and N+ polysilicon 312 deposited and planarized to form the
diffusion contact portion of the shared via contacts. Again,
the N+ polysilicon 312 provides a contact between the
diffusions 224 and the above wiring levels, while the P+

polysilicon 306 provides a contact between the SOI P silicon
layer 210 and the P+ layer 206.

Thus, the present invention overcomes the difficulties
found 1n the background art by providing a body contact and
diffusion contact formed 1n a single shared via for silicon on
insulator (SOI) technologies. By forming the body contact
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and diffusion contact 1n a single shared via, device size 1s
minimized and performance 1s improved. Particularly, the
formed body contact connects the SOI layer with the under-
lying substrate to avoid istabilities and leakage resulting
from floating SOI channel regions. The formed diffusion
contact connects device diffusions to above wiring to facili-
tate device operation. By providing the body contact and
diffusion contact together 1in a single shared via, the pre-
ferred embodiment avoids the area penalty that would result
from separate contacts. Additionally, the preferred embodi-
ment provides a body contact that 1s self aligned with other
devices, minimizing tolerances needed while minimizing
process complexity.

While the mmvention has been described m terms of two
embodiments, one skilled in the art will realize that variation
may be made to the embodiments described above without
departing from the invention. For example, various multi-
layer composite 1nsulating materials may be used for gate
sidewall 1insulators 228. Use of alternative msulating layers
for gate sidewall spacers 228 may allow for improved
robustness and process compatibility depending upon the
ctch processes used within the via.

What 1s claimed 1s:

1. An apparatus comprising:

a) a silicon on insulator (SOI) substrate, the SOI substrate
including a SOI layer, a buried 1nsulator layer beneath
the SOI layer, a buried conductor layer beneath the
buried 1nsulator layer, and at least one device diffusion
in the SOI layer;

b) a via in the silicon on insulator substrate, the via
extending through the buried insulator layer to the
buried conductor layer, the via having a bottom portion
and a top portion;

¢) a body contact in the bottom portion of the via, the body
contact providing contact between the buried conductor
layer and the SOI layer;

d) a contact insulator in the via above the body contact;
and

¢) a diffusion contact in the top portion of the via, the
diffusion contact connecting the device diffusion to
device wiring above, the diffusion contact insulated
from the body contact by the contact insulator.

2. The apparatus of claim 1 wherein the lower portion of
the via 1s laterally wider where the via extends through the
buried insulator layer.

3. The apparatus of claim 1 wherein the body contact
comprises P+ polysilicon recessed until the top surface of
the P+ polysilicon 1s below the device diffusion.

4. The apparatus of claim 1 wherein the diffusion contact
comprises planarized N+ polysilicon on the contact 1nsula-
tor.

5. The apparatus of claim 1 wherein the body contact and
diffusion contact are formed borderless to an adjacent gate
conductor.

6. An apparatus comprising:

a) a silicon on insulator (SOI) substrate, the SOI substrate
including a SOI layer, a buried insulator layer beneath
the SOI layer, and a buried conductor layer beneath the
buried insulator layer;

b) a gate stack on said substrate, said gate stack including
gate conductor and a gate cap;

c) sidewall spacers on sidewalls of said gate stack;
d) a device diffusion adjacent said gate stack;

¢) a etch stop liner on the gate cap and the sidewall
Spacers;
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f) a wiring insulator layer on the etch stop liner;

g) a via, the via extending through the wiring insulator
layer, SOI layer and buried insulator layer;

h) a body contact in the via, the body contact providing
contact between the buried conductor layer and the SOI
layer;

1) a contact insulator in the via above the body contact;
and

1) a diffusion contact in the via, the diffusion contact
connecting the device diffusion to device wiring above,
the diffusion contact insulated from the body contact by
the contact msulator.

10
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7. The apparatus of claim 6 wheremn the lower portion of
the via 1s laterally wider where the via extends through the
buried msulator layer.

8. The apparatus of claim 6 wherein the diffusion contact
comprises planarized N+ polysilicon on the contact 1nsula-
tor.

9. The apparatus of claim 6 wherein the body contact
comprises P+ polysilicon recessed until the top surface of
the P+ polysilicon 1s below the device diffusion.

10. The apparatus of claim wherein the body contact and
diffusion contact are formed borderless to the gate conduc-
tor.
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